Met hods and Systens for Scheduling Resources in a . Tel ecomunication
System TECHNI CAL FI ELD 5The present inveantion relates generally to
t el econmuni cati on systens. Enbodi nents of the present invention relate to
the scheduling of resources in a tel econmunication system BACKGROUND Radi o
access technol ogies for cellular nobile networks are 10 continuously being
evol ved to neet &u&ﬁi ds for high data rates, inproved coverage and
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concept is being gggigne% YO%A %Wﬁﬂ Hqggpveg capacity. Examples of recent
evolutions of the wideband code-division multiple access (WCDMA)
technology are the High-Speed Packet Access (HSPA) protocols.
Currently, further evolutions of the third generation (3G) systems
15 3G Long Term Evolution (LTE), including new access technologies
and new architectures, are being developed within the 3rd

Generation Partnership Project (3GPP) standardisation body.

A main objective of LTE systems is to provide a flexible
access technology that can be used in existing frequency
20 allocations and in new frequency allocations. Also, LTE systems
should enable the use of different duplex solutions. For example,
both frequency division duplex (FDD) and time division duplex
(TDD) , where the uplink and downlink are separated in frequency
and in time, respectively, should be supported to provide usage in

25 both paired and unpaired spectrum,.

An access technology based on Orthogonal Frequency Division
Multiplexing (OFDM) for the downlink and Single Carrier Frequency
Division Multiple Access (SC-FDMA) for the uplink, for example

allows such flexible spectrum solutions.

30 Since the LTE concept is being designed to support fast
scheduling in frequency and time both for the uplink and the
downlink, the resource assignment in time and frequency should be

preferably adjustable to the users’ momentary traffic demand and



scheduling in frequency and tinme both for the uplink and the downlink, the
resource assignnent in time and frequency shoul d be preferably adjustable
to the users' nmonmentary traffic demand and 2 channel variations. In the
LTE uplink it is possible to schedul e several users in one Tine

Transm ssion Interval (TTlI) by assignpyng different frequency segnents to
different users. To maintain the single carrier structure, each user should
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the same purpose. The schedul er 202 nonitors each UE's traf emands and
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The basic uplink scheduling concept is illustrated in FIG.2.
Typically, to inform the uplink (UL) scheduler 202 of the UE's
20 momentary traffic demands, the system 200 supports (i) a dedicated
scheduling request (SR) channel and (ii) buffer status reports.
Alternatively, a synchronized random access channel (RACH) can be

used for the same purpose.

The scheduler 202 monitors each UE’s traffic demands and
25 assigns resources accordingly. The scheduler 202 informs a UE
(e.g., UE 206) of a scheduling decision by transmitting resource
assignments 208 to the UE. In addition, there is a possibility to
configure a UE to transmit channel sounding reference signals to
enable the evolved Node B (eNodeB) to do broad band channel
30 estimation for fast link adaptation and channel dependent

scheduling.

A synchronized UE also has the opportunity to use, as a

fallback solution, the Random Access Channel (RACH) to request a



3 W resource. In general, however, the RACH is intended nostly for
non-synchroni zed UEs. In the dedicated SR channel approach, each active UE
i s assigned a dedicated channel for transmtting nmessages that indicate to
the eNodeB that the UE requires a UL 5 resource. Such a nessage is referred
to as a scheduling request (SR) 210. Jhe benefit with this method is that
no UE identifier (1D) has to be transmtted, since the UE is identified by
virtue ofltHeSotHEnnd™ SPPetides. PR Her bte RACH é8nirBRRded mafE lyodeent i on
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(ID) has to be transmitted, since the UE is identified by virtue
of the “channel” it uses. Furthermore, in contrast to the

contention based approach, no intra-cell collisions will occur.

10 In response to receiving an SR 210, the scheduler 202 may
issue to the UE a scheduling grant (SG) 208. That is, the
scheduler may select the resource(s) (e.g., time slot and/or
frequency) the UE shall use and communicate this information to
the UE. The scheduler 202 may also select, with support from the

15 link adaptation function, a transport block size, a modulation
scheme, coding scheme and an antenna scheme (i.e., the link
adaptation is performed in the eNodeB and the selected transport
format is signalled together with information on the user ID to
the UE). The scheduling grant addresses a UE and not a specific

20 radio bearer. In its simplest form, the scheduling grant is valid
only for the next UL TTI. However, to reduce the amount of control
signalling required, several proposals with alternative durations

are possible.

After transmitting an initial SR, the UE may transmit a more
25 detailed buffer status report to the scheduler 202. The buffer
status report may be transmitted in-band (e.g., the buffer status
report may be included as part of a medium access control (MAC)
header). It is a common view in, for example, 3GPP that the buffer
status report should contain more information than is contained in

30 the initial SR.

The above described procedure is further illustrated in FIG.
3. As shown in FIG. 3, a UE 302 having data to transmit to an

eNodeB 304 first transmits an SR 306 to the eNodeR 304, which SR



adaptation is performed in the eNodeB and the selected transport format is

signalled together with information on the user IDto the UE). The

schedul i ng grant addresses a UE and not a specific 20 radio bearer. Inits

sinplest form the scheduling grant is valid only for the next UL TTI.

However, to reduce the amount of contgol signalling required, several

pr oposal ith alternative durations are possible. After transmtting an
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processed by an uplink_schedul er 308 of eNodeB 304. In response to SR 306,
upl i nk s’%?fé%df’etrh $98% PdAsmits an SG (e.g., resource assignnents) 310 to UE
302. Thereafter, UE 302 transmts data 312 to eNodeB 304 together wth a
buffer status report 314, 5 which reﬁé’WAﬁg processed by the uplink

schedul er 30 N As di scussed above, buffer status report 314 may be
transnitted in- 6§n&nvm°gplecd t B HPY oved systems anrd fetdigdsciforo
proviode tifyygerechosyptienk acled®t hofsdiest@ thi §0EE1 8Gomkh e SChedul i ng
requests_i t el ecomruni cati on system I n one aspect, the invention
provi dess%srkr%rk'hod for transmtting scheduling requests froma nobile

term nal (Orth%Zk aspect, the invention provides a method for

transmitting scheduling requests from a mobile terminal (or “UE"”)
to a base station. 1In some embodiments, the method starts with

15 the UE transmitting a first scheduling request (SR) to the base
station in response to data becoming available for transmission to
the base station. After transmitting the first SR, the UE
receives a scheduling grant (SG) transmitted from the base station.
In response to receiving the SG, the UE transmits to the base

20 station transmit buffer status information. After transmitting
the buffer status information to the base station, but prior to
transmitting any subsequent SRs to the base station and while at
least some of the data is waiting to be transmitted to the base
station, the UE: (1) determines whether a scheduling request

25 triggering event has occurred, and, if a triggering event has
occurred, then the UE transmits a second SR to the base station at
a next opportunity in response to determining that the triggering
event has occurred; otherwise, if a triggering event has not
occurred, then, the UE transmits to the base station at the next

30 opportunity a message indicating that a triggering event has not
occurred in response to determining that the triggering event has

not occurred.



to a base station. In sone enbodinents, the nethod starts wth 15 the UE
transmtting a first scheduling request (SR) to the base station in
response to data becom ng available for transm ssion to the base station.
After transmtting the first SR the UE receives a scheduling grant (SG
transmtted fromthe base station. |Insgresponse to receiving the SG the UE
transmts to the base 20 station transmt buffer status information. After
transnitting TReSPRfF FEPOSERENEST nFBE nBi§RIPT Slatisempadegsvaetiorr dut prior
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radio resource control (RRC) signaling. Further, in some
20 embodiments the UE is configured so that it transmits an SR at the
next available opportunity every time that data arrives to an

empty transmit buffer in the UE.

In another aspect, the invention relates to an improved
mobile terminal. In some embodiments the improved mobile terminal
25 includes a transmit buffer and a data processor. The data
processor may be configured to cause the mobile terminal to
transmit a first scheduling request (SR) to a.base station in
response to data arriving at an empty transmit buffer in the
mobile terminal and cause the mobile terminal to transmit to the
30 Dbase station status information concerning the transmit buffer in
response to receiving a scheduling grant (SG) from the base
station. In some embodiments, the data processor may further be

configured to determine whether a scheduling request triggering



20 enbodi nents the UE is configured so that it transmts an SR at the next
avai l abl e opportunity every tine that data arrives to an enpty transmt
buffer in the UE. In another aspect, the invention relates to an inproved
nobile termnal. In sone enbodi nents the inproved nobile termnal 25
includes a transmt buffer and a datagprocessor. The data processor may be
configured to cause the nobile termnal to transmt a first scheduling
request CIRPLt §28 BESErEGit i sen thespoRsEe t oo et laritapisAg tag ancenpdt $R
transm t dufher phBet hea v b I8 benhakpabygdd: GalUuse theJmpike tgrninal to
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buf f er i RetE€IPoRERIt B3 eceitVilggeaisghedent nipyreatursg): frenrehee bblse
station. pohisenee APt BNtSankhe cdabar RE 068sS U JBYf ULthgr g, 0 event
has occurred; cause the nobile terminal transmt- a second SRto the base
st ati dn &PPRTRBRELYppoMaffiade itndiespbngethadl detterlmosinigat AEent bas gueri ng
event hagceacubsed: ANdGalse t RerBPRLAEnd andials tt%ig@tégiﬂbte&é’né he, base

station, at a next 5 o portunlt%, a nmessage I ndicatin at~a triggering
event ha®cABrredcurfefamrblespbhseet bhure ettand @yt berfaomedi ggete mt event

has occurkgde Erefesahlng siheseabbsess steps; & ?coo%rgf gggtﬁggwggésg %% at'{ﬁeast

some of the first data is waiting to be transnmtte ion and
after thB2BE SFaRSIR tand RELBYf £Be CGE af xRNSO i ftendrifdar bustwsior to the

UE ty@nsahkti sihs t :.Qp%g atd
enbo%?negltigé%ﬂ%t%'r oved%grrg%?l g§?21r1%n9%%:‘@€ nc uggtsl?lgrrggxss?%?e rgarh‘icrg?%i ng a
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waiting to be transmtted to the base station. !
triggering event detections means for determining whether a
scheduling request triggering event has occurred; and means for

20 transmitting to the base station, at a next opportunity, a second

SR in response to determining that a scheduling request triggering
event has occurred. In some embodiments, the triggering event
detection means is configured to perform the determination while

at least some of the data is waiting to be transmitted to the base

25 station.

In another aspect, the invention relates to a method
performed by a base station for granting uplink resources to
mobile terminals. In some embodiments, the base station:
allocates an uplink resource to a first mobile terminal, thereby

30 enabling the first mobile terminal to transmit data to the base
station; receives an SR from a second mobile terminal while the
first mobile terminal is utilizing the uplink resource;

reallocates the uplink resource to the second mobile terminal in



I n anot her aspect, the invention relates to a nethod perforned by a base
station for granting uplink resources to nobile termnals. In sone

enbodi ments, the base station: allocates an uplink resource to a first
nmobile termnal, thereby 30 enabling the first nobile termnal to transmt
data to the base station; receives an;SR froma second nobile term na
while the first nobile Letnina%eis utilizing the uplink resource;
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based on respective buffer status data transm ssions 20 fromthe term nals;
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of tel nmahindlased 0855668 Mo Alecdi9ing! enbi LuBBESSAYE iddi cating a change

of buffer status data of the other termnal.
15 In another aspect, the invention relates to an improved base

station. 1In some embodiments, the improved base station includes
means for communicating with a plurality of mobile terminals;
means for allocating an uplink resource to one of the mobile
terminals based on respective buffer status data transmissions

20 from the terminals; means for reallocating the uplink resources to
another one of the plurality of terminals based on receipt of a
single bit message indicating a change of buffer status data of

the other terminal.

In yet another aspect, the invention relates to a
25 telecommunication system comprising an improved mobile terminal

and improved base station.

The above and other aspects and embodiments of the present
invention are described below with reference to the accompanying

drawings.
30 BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings, which are incorporated herein and
form part of the specification, illustrate various embodiments of

the present invention.



In yet another aspect, the invention relates to a 25 tel econmuni cation
system conprising an i nproved nobile term nal and inproved base station.
The above and ot her aspects and enbodi nents of the present invention are
descri bed below with reference to the acconpanyi ng draw ngs. 30BRI EF

DESCRI PTI ON OF DRAW NGS The accgnpanyi ng draw ngs, which are
i ncor por at ed %Igei n agge form sgrt .of the sepeci ficati Onl illustrate various
enbodi ments of *¥he' FTBEEREFRveRt Fohustiptes resoprge §ligRabdeR cat | y

i1l ustratesreesounced liacahi oo- Fovdi §fateant users in an SC- FDVA system

FIG 2 illustrates uplink scheduling in an LTE system FIG 3
illustrates arschend flestprogsdippitio ecldda ihgsaur 68 BTE Ofy Siatm,
transm ssi on. FIG 4 illustrates an inproved schedul i ng nessage

fl ow bet ween &It eNodéBuandatws dEscheme for prbGidingl tusired es @ Jairddaer

i mpr qved $gh§a ul itr}gcmrg?nsissgggnflow bet ween an eNodeB and two UEs. 70FI GS. 6a
and if’ strate a process according to an enbodi nent of the invention.

FIG 7 is af ti,onal iagramillustrating.sone of the conponents of
a nobile tei i%’al? 13h.8tegke 0" 8 Jlff%O@%lSS?C efiﬁ%&f‘?orﬂ%ﬁs%‘?%c@?ﬁ agr am
i1l ustravetrgpesormn @Nothe dbdcomparent s of an uplink schedul er.

FIG. 5 illustrates a further improved scheduling message flow

between an eNcdeB and two UEs.

10 FIGS. 6a and 6b illustrate a process according to an

embodiment of the invention.

FIG. 7 is a functional block diagram illustrating some of the

components of a mobile terminal.

FIG. 8 is a functional block diagram illustrating some of the

15 components of an uplink scheduler.

FIG. 9 is a flow chart illustrating a process according to an

embodiment of the invention.
DETAILED DESCRIPTION

One possible scheduling request scheme is to define an SR as
20 being a single bit message where the single bit (i.e., the “signal
request bit”) has been set to a particular predefined value (e.g.,
set to “1”) and to configure the UEs such that the UEs transmit an
SR to the scheduler whenever: (1) the UE has data to transmit
(e.g., the UE has data in a transmit buffer) and (2) the UE does
25 not have an uplink resource allocation for transmitting the data
to the eNodeB. However, a potential drawback of this approach is

illustrated by the example scheduling message flow shown in FIG. 4.

The example shown in FIG. 4 assumes there are two
synchronized UEs (i.e., UEl and UE2), neither of which initially
30 has an uplink resource allocation for data transmission. It is

further assumed that the UEs have a dedicated SR channel.



FIG 9is a flowchart illustrating a process according to an enbodi nent of
the invention. DETAILED DESCRI PTI ON One possi bl e schedul ing request scheme
is to define an SR as 20 being a single bit nessage where the single bit
(i.e., the "signal request bit") has been set to a particul ar predefined
value (e.g., set to "1") and to configure the UEs such that the UEs

t it an tqQ the .schedul er eneyver: (1) the LIE has data to transmt
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have an aplvEk nesogreeiakkocat tign §medm@15ﬁﬁtgkmg?ltb@?dﬁq§acdﬁ% te{a,%n%NodeB.
However,, a pot ential. drawback of this approach is illustrated by the

exanpl e %%hg{ﬁﬂﬁmé:tﬁ@?sﬁaesﬁ &% Shoveh i RFIt@ the FRRCExHHDI e Kot Si n FI G

4 assunesexhesre apperitwaity. Synehrepaed  Utse( bcBeaulil @chddFEDr1 Relkher of

whi initially 3Q h an | i nk, resource allocation for data transm ssion.
U TS U EHE Shed dia pha LTRSS TV ETE JEAPCALE SR Ehdimale B o CAs

shown i nifl¥@sphnsshefhdatal at faveei i o barFeansphtududsdr0fr JJehe UEL
provi desel\yl o, tBhe $ he%ul er not ig ication of this event bl%/ transdm tting an SR
(e.g., a9 to TfieVSchBANI S USTHRFIES AR SR bppotianfiy dependésponse,
the scheshltfe gnantsollEdesoaBlocatd e ikl resources allocated to it.
As further shown in FIG. 4, when UE2 has data for
10 transmission, UE2 transmits an SR (e.g., a “1”) at its next SR
opportunity. For the sake of this example, we shall assume that
UE2's data has a lower priority than UEl’s data. In response to
receiving the SR transmitted by UE2, the scheduler, which at this
point in time does not know that UE2’s data has a lower priority
15 than UEl’s data, grants UE2 some resources blindly. UE2 uses the
allocated resource to transmit a buffer status report éontaining
QoS information and some data depending on the size of the
allocation. Using the buffer status reports transmitted by UE1l
and UE2, respectively, the scheduler compares UEl’'s buffer status
20 to UE2's buffer status and, based on the comparison, prioritizes
the data from UEl because the comparison indicates the low
priority nature of UE2’'s data. Because the data from UEl is
prioritized, the scheduler does not schedule the UE2 further, thus
preventing UE2 from transmitting its data. Consequently, because
25 UE2 has data to send, UE2 will continue to transmit an SR in each

of the TTI's in which it has an SR opportunity.

Relying on the data buffer report last transmitted from UE2,
which reports indicated that the UE2 had only low priority data
waiting for transmission, the scheduler ignores the SRs

30 transmitted from UE2. The scheduler ignores these SRs even after
the UE2 subsequently has high priority data to send because, other
than through transmitting a buffer status report, there is no way

for UE2 to notify the scheduler that it has higher priority data.



As further shown in FIG 4, when UE2 has data for 10 transm ssion, UE2
transmts an SR (e.g., a "1") at its next SR opportunity. For the sake of
this exanple, we shall assunme that UE2's data has a |lower priority than
UEl's data. In response to receiving the SRtransmtted by UE2, the
schedul er, which at this point in tinmg does not know that UE2's data has a

| ower priority.15 than UEl's data, grants UE2 sone resources blindly. UE2
uses thehgf?(r)cla?ggl 1 &S00 CE FSS?Fang}ﬁ?ts%‘%cﬁ\‘ ar "e¥alRs PEpOFTELHHtHihi ng
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conpari son | hdicat s the Tow Pri BPit5F matinB 6Ff UE2UE2dSY &Y BRGusE the
dat a & r owh UK, i sheprabyr ipriorédinyhehs chied uhish deesrrahisebedudb et #esidR2 to
further, _thus ,preventin 2 fr transmtting.its data, Consequently,
because 5%8 %%\sﬁe(fataa%tug%gn tf:)a Wﬁqrtcolﬁ‘%ilﬁﬁélpg Franeay th s sR in
each of pheodily sidtm.whiHoleitrhasf arheéSR epROMauy LiterRel Yhig s dhedata
buf f er r%g?ré Iastt1 transmtted_from UE2, \AhitA(F:lgﬁée_ orts indicated that the
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i gnores the SRE36h onanditt tednbromid? onEheischeduhet tgaosesdhese SRs
eveqoaftgénthien UE subﬁe%{t{entl (gas h4ag:g gri_ori,t¥ data to send because,

ot her’ t han throddt FFahs e PR & Bt aCas ¥ epoftweYer 1S no way for
UE2 to notldtyidrherseledubegnihatant dasHiaghebrpeher skycklatse1, Accordingly,
in sone cases schedul er may not be i nmedi at el ¥Savvare of new high

th !
priorit YPHRUE AN AG GPETRAEC (TIR ML Bafrelevels.  Brpedisiestisemicoul d

be avoi detk igrdseetschedut eon Weber €conf itgid adotre Qé@-@%i%’cﬁf‘;p%liéﬂk WikhBUECces
to UE2 every..once i g/r‘t;i | e, thereby providing the UEZ with

inab
oppor t untt§ &5 PEVErEATRT SEhr e SBhddisssr tyohapiefieRat us report
i ndil%ati ng t%ebn%v.v hi gh gil or i t%r data. However, if there are many users,
t hi s sol uti o 1P GOPEES cBEt HY° iRressits 1overedsnr eeEinamit rtesdirttvenSRs to
extend ttheiSRfihgNmenRahi émt Cha®res HaaROBA Bhin§Sst hatt tHeSR ¢aR L0
contain informtiogn reg&r}di ng data priority. However, this solution creates

si gni fi cBAMt™%ver Hé58 PEFD 172 SRCHAHYE, thAPIrELRGrTSChanistor ébgre nany

prioritypdenehs. desbodbaisowd ddhe Hor 8senbal PYERLLEON QU LOT] the aRove
descri b?éj[oprobl em w t hout the disadvantages suffered by these™two

sol ut i o™ SBFhBAF mERt 26T hdifes86t Wi ARent | per Hedi il lah sehedudangve SR

triggeriury nechaahsiithelr f&r basadionepRapges in transmt buffer status.
Wth such an alternative triggering nmechanism the problens described above

can be sol vedceblraong tocemasdiidthe oBReHEOPrOAen DI infdhSever ahebiks and

Wi t hout J?gwcggkggLLgdSggegéggég%t an SR only when certain predefined
conditions are met, such as, for example, changes in the UE’s
transmit buffer content compared to what has been reported

25 previously or what has been transmitted previously. For exampie, a

predefined condition may be met whenever data arrives in the UE’s
transmit buffer and the data has a higher priority than the
priority of the previously reported data (or transmitted data) .

The changes in buffer status that trigger an SR are typically

30 configured through radio resource control (RRC) signaling.

In some embodiments, the UEs are configured to transmit an SR
only when all of the following are true: (1) the UE has no uplink
grant; (2) the UE has data to transmit to the eNodeB; and (3) the



20 UEs to transmt buffer status reports. According to enbodi nents of the
present invention, the UEs are configured to transmt an SR only when
certain predefined conditions are net, such as, for exanple, changes in the
UE's transmt buffer content conpared to what has been reported , 25
previously or what has been transmttgd previously. For exanple, a
predeflned condition may be nmet whenever data arrives in the UE's transmt

buf fer ahdfife HFRAhdesa "RRgRSPIpribrea yrhehdRsthachrretedgedibuifer

previ ouskypsepardLd dakai tebat s tied, data) lagbeaghﬁgﬁﬁéd%éh buf f er
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the UE has no uplink rant (2) the UE has data to fransmt to t e

and (3) TPRE1SMFSuPFeAesFaLbRd Ovehanged” since the | ast acknomﬂedged
buffer report_was transm tted by the UE or the |ast acknow edged
transni ssi on WaSAFaRERPELBE By tHee Umifer shasesehbotrmeiiarcd e devedul er

i's configwates hay kE hiloPNaiorddR @ran nglEQQH?acé’rﬁiﬁcm g ad.as
descri bed above. In some enbodi nents, the buffer status is considered

to have OhdHgd®® BREGTiFigeR dtamias @Frﬂﬁédfépléviﬁﬁrcoﬁﬂlﬁﬂ@n§U§ﬁernet
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i ncrease exceeds a predeterm ned threshold (Threshold A); or
el agfed 3ImEhs; ﬁ&epﬁﬁé E BRI sTARRES cFﬁleoftItaﬁémllﬁﬁ-OSRD%x‘éfeﬁedlsasa: @Fe@ettcelenisned

t hreshold re@@maqee) enddghd 1Y eshledsiAqand B £a0 tﬁ/ﬁ% %ea%%ng' gur ed
u

through R gnaling. One exception to the above rule is t at when data
arrives ¥ éﬂpéﬁﬁﬂQth?f%ﬁnﬁtﬂ%QﬁQ Ghrouge @Ecsﬁe%m%ﬂ%nwwnﬂnqleﬂmepmnoan SR

at the nextehaRalsvePPRIL UM tdhat when d%@atﬁgr§pgget§ﬁgﬂg%ﬁ&,u?@&@er in

receives a UL scheduling grant fromthe scheduler, t

subsequémd YEmabealhr 8heild el wass thanbai tcont 8htat twugtexteg®l ar buf f er
statys rgpeitsntkgnsmtted by the UE. This could be a continuous buffer
report

In the above examples, when a UE receives a UL scheduling
grant from the scheduler, the scheduler is subsequently made aware
of the UE’s buffer content through regular buffer status reports
transmitted by the UE. This could be a continuous buffer report

20 for each scheduled transmission. However, in some embodiments
criterions are used for causing the UE to transmit buffer status
reports. This means that if a UE is not granted further UL
resources the latest acknowledged buffer report will be up-to date.
It is also possible to use a variation of the above described SR

25 triggering rules in case the UE does not send regular buffer

reports.

For example, assuming the UE employs strict priority between
radio bearers (i.e., data from higher prioritised radio bearers is
always transmitted before data from lower prioritised radio

30 bearers), then the scheduler will know that there is no higher
priority data in the transmit buffer than what is being
transmitted. In such a situation, the buffer status is considered

to have “changed” only if one or more of the following conditions



20 for each schedul ed transm ssion. However, in some enbodi ments criterions
are used for causing the UE to transmt buffer status reports. This neans
that if a UEis not granted further UL resources the |atest acknow edged
buffer report will be up-to date. It is also possible to use a variation of
t he above described SR 25 triggering ppules in case the UE does not send
regul ar buffer reports. JFor exanple, assum ng the UE enploys strict
priority 3586t e Fadi ek erdopitezed (gt iasmargiver pri bRetPekleT adi®o
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ot her eveptohps WEGUNEeHatCalta o CEFdadn AMBBNL.AE LiABr hase Q! apsed since
the last SR was_transmtted, the amount of data in the buffer grew by at
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will send high priority data first and optionally includ ed buffer
stat us rRpEE .t9 Adtappceagendt hehe NGHeB -

In some embodiments, a triggered but not yet transmitted SR
should be cancelled whenever the UE obtains a scheduling grant
from the eNodeB before the SR transmission opportunity. In these

20 cases, the UE will send high priority data first and optionaliy
include a detailed buffer status report. In any case, the eNodeB

is aware of the change even without obtaining a scheduling request.

Referring now to FIG. 5, FIG. 5 illustrates a message flow in
a system according to an embodiment of the invention, which system
25 includes two UEs (UEl and UE2). The illustrated message flow
begins when UEl receives high priority data in its transmit buffer.
As shown in FIG. 5, in response to this event, UEl transmits an SR

to the eNodeB at its next SR opportunity.

In response, the eNodeB transmits an SG to UEl. In response
30 to the SG, UEl may transmit a buffer report that indicates the
high priority of the data in UEl'’s transmit buffer. Some time

after UEl transmits the buffer report, UE2 may receive data in its



is aware of the change even w thout obtaining a scheduling request.
Referring nowto FIG 5, FIG 5 illustrates a nessage flowin a system
according to an enbodi nent of the invention, which system 25 includes two
UEs (UEl and UE2). The illustrated nessage flow begi ns when UEl receives
high priority data in its transmt bufffer. As shown in FIG 5, in response
to this event, UEl transmts an SR to the eNodeB at its next SR

oppor t unitERnSIHt rRskise, vhiRE EKBUEB W HES tan tSensoiumen $h atesiponse 30
to the SGexUEdrmBYpdFafsmt a buffer report that indicates the high
priority of the ata in UEl"s transmit buffer. Sone time after 1151

transnits therbuffies Je8R00k, tA1E2mBpTECRle @rdataakButScndf ansid Qytfer,
whi ch event causes UE2 to transmt an SR at its next SR opportunity.
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cont ai ni ng QS informati on and sonme dat'a depending on the size of
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Repeat t r 0 h buffer
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t han conieeie'ato schgdshft thn BR diurtdsy, s@bgéqbenpr%m U P tfyromas is
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one or nore 20 certfain predefined events occur smt
to the eNYUUR ttilse Repgabl Re@epidst (HARQIWACK fhe bheé seingmiddienval ue of "o"
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have occtgraet)(-such as the receipt of high priority

However, rather than continue to transmit an SR at each
subsequent SR opportunity, as is shown in FIG. 4, UE2 is
configured so as to not transmit an SR until after one or more

20 certain predefined events occur (e.g., the UE2 may transmit to the
eNodeB the signal request bit with the bit set to the value of “o~
instead of “1” until one of the events happen, as is shown in FIG.
5). Accordingly, UE2 is configured to check whether one or more
certain events have occurred (such as the réceipt of high priority

25 data) prior to each subsequent SR opportunity so that, if one such
event has occurred, the UE2 can transmit an SR at that next SR

opportunity.

In this example, some time after UE2 transmitted the buffer
status report, high priority data arrives in UE2's transmit buffer,
30 The UE2 detects this event and, in response, transmits an SR (e.g.,
a “1”) to the eNodeB. The UE2 may be configured to detect this
event by comparing the last acknowledged buffer status report,

which indicates the status of the transmit buffer at some previous



25 data) prior to each subsequent SR opportunity so that, if one such event
has occurred, the UE2 can transmt an SR at that next SR opportunity.

In this exanple, sone tine after UE2 transmitted the buffer status report,
high priority data arrives in UE2's transmt buffer. 30 The UE2 detects
this event and, in response, transmt;g an SR (e.g., a "1") to the eNodeB.
The UE2 may be configured to detect this event by conparing the [|ast
acknow e B féfest 5Pus FePbf t9eATECHR Y RUFEST e8P 1 HeS stnffudnadfiophshat

transm tidufdale satt n8OBRY PERY | OUSLUP YN hieN ti-hABri t Ob@r AW Y Brhehaked _
buf fer status infornmation that indicates the current status of the transmt
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resour cecd QEE2 2sa8pPPRO&EEs t 1y ONQId REet BR, SRre8VERLENPUGN e seNofgB has
5 not received fromUE2 a new buffer status report indicating that 13E2 now

has Ri gH&t gEc6rivegd RPE. URe brifihdyf fernstArYs eyt idbsuithest shat t he
present yEWeRtd 8AsSALY¥Bet r&%rﬂfﬂ@ﬁ@a@'as.cuﬁéégrﬁﬂn&ﬂg,n_eﬁ{ o MR LELG 4.
Referring nowto FIG 6a, FIG 6a is a flow chart 10 illustrating a process
600, acIFPAGePsSsefet R TR drornthen Avtne i Bt pertflemed shysaedE.
Process i60Q oY cbeghnyt fh StaP. 602. Process 600 assunes that the UE
initially has no data to transmt to the eNodeB (e.g., the UE's transmt

buffer is inkkirakkyngmbw)to aeROr diaNgkYe. | Ba St &P 60% he Wk waits unti |
data is placed in the 15 transmt buffer. In response to the UE having data

to $8nd tJUshE2EABAEB, PIPRELH G%0anSArPEIART SFO t IPhh il nESt e 60d) . | n
step 60Gnveheibk, r g6Lt¥ATRAMSE koM bhecedodefs ddy &P 698, sths %J% uses

the resource allocated by the eNodeB to transmt to the eNodeB a buffer
status FEPGEESahll? oS LYMES dded ddseREi hoibhalhe s 419 seasedor 6sausBEL | Nn

step 6090 the MSoady (£cPrd theV¥rug E@Qﬁlgéle@tw@félheisa%wia% datey)

currently in_its transmt buffer. In step 610, the UE recerves from
t he eNo@EBCEHAREY ACKE fOreRt 2t thRsHESSR bRs comtial atq tilse pBafkdr int dlbels

repogt . et he t 4 tfer us_report
(i I.Oe., ttkgngﬁgggelg%ﬁ %ranﬁ%g%%?ﬁ g?e%ﬁ%g(%%qr?{fé%%lg %%ggdéo Ethe

det er ni f¥SGRet Hed VR Yranpits 8o §Bnbotohe eNaNgte®tep. §04)t heTlEstep
determ B@§, the UE receives an SG from the eNodeB. In step 608, the UE

uses the resource allocated by the eNodeB to transmit to the
eNodeB a buffer status report and/or some data depending on the
20 allocated resource. In step 609, the UE may record a value

representing the amount of data currently in its transmit buffer.

In step 610, the UE receives from the eNodeB a HARQ ACK for

the transmission containing the buffer status report. In step 612,
the UE stores the latest ACK'ed buffer status report (i.e., the

25 report transmitted in step 608). In step 614, the UE determines
whether it has data to send to the eNodeB (e.g., the UE determines
whether its transmit buffer is empty). If it does not have data
to send (e;g., the buffer is empty), process 600 may proceed back
to step 602, otherwise it may proceed to step 616.

30 In step 616, the UE determines whether an SR triggering event
has occurred. If so, process 600 proceeds back to step 604,
otherwise process 600 may proceed to step 618. In step 618, at

the very next SR transmission opportunity, the UE transmits to the



whether to send (e.g., the buffer to step 602, otherwise it 1is enpty),
process 600 may proceed back may proceed to step 616. 30ln step 616, the
UE determ nes whether an SR triggering event has occurred. If so, process
600 proceeds back to step 604, otherw se process 600 nay proceed to step
618. In step 618, at 1.5 eNodeE a negsage indicating that a triggering
event has not occurred (e.g., the UE transmts a one bit nessage to the
eNodeB w§dPéeBha W%ﬁ%ﬁQQﬂﬂngﬁéaﬁﬂﬂgi%h%%tathIHEQF}HAf?@?n§tb%86ﬂ9£ process

600 may pregeedabacks 1,0 3lePebibansRef£rd id RAW hesggge B8, il Gufles
illustrates a ggocess, according to sonme enbodi ments of the invention, for
det er ni nWR§TrRheRBera e Afg§Bri Rgt eventethds® o®CdrredftFhatter, 6 .G 6b

i || ustrat,es-858Ps0d ity MR¥cReaPsLiRri®ddd) RAf orm ng step 616 of process
600. 10As shown in Flé; 6b, the process nmay begin in step 656, where the

UE deg er mi nesruhethalg new €8t ardasewy rened e 1hhestrapsg 4 huflars since a
particular point in tinme. For exanple, the UE nay detem ne whether new data

has arri #6ECTA R FATENPRPBUTFRRCS| HedNendnvast 1paf f Ber sdettersnimdpart was
gener at egnh@fnst NC& tik@ering event has occurred. That is, FIG. 6b

illustrates steps that may be performed in performing step 616 of

process 600.

10 As shown in FIG. 6b, the process may begin in steﬁ 656, where
the UE determines whether new data has arrived in the transmit
buffer since a particular point in time. For example, the UE may
determine whether new data has arrived in the transmit buffer
since the last buffer status report was generated or since the

15 last time the UE performed step 616. If the UE determines that
new data has arrived, then the process may proceed to step 658,

otherwise it may proceed to step 662.

In step 658, the UE determines whether the new data has a
higher priority than the data that was in the transmit buffer when
20 the new data arrived. The UE may determine this by comparing
information in the buffer status report stored in step 612 to
newly generated information reflecting the status of the current
state of the transmit buffer. If the new data has a higher
priority, then process may proceed to step 604 (i.e., the UE
25 transmits an SR to the eNodeB), otherwise the process may proceed

to step 660.

In step 660, the UE determines whether the difference between
the amount of data currently in the transmit buffer and the amount
of data that was in the transmit buffer at a previous point in

30 time exceeds a threshold. For example, in step 660, the UE may
find the difference between a value representing the amount of
data currently in the transmit buffer and the value that was

recorded in step 609 and compare the difference to the threshold



15 last tinme the UE perforned step 616. If the UE determ nes that new data
has arrived, then the process nay proceed to step 658, otherwise it may
proceed to step 662. In step 658, the UE determ nes whether the new data
has a higher priority than the data that was in the transmt buffer when 20
the new data arrived. The US may detefm ne this by conparing information
in the buffer status report stored in step 612 to neV\A%/ gener at ed
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whet her the difference between the anpunt of data currently in the transmt
buf fer and t H& &5EnC41 bRt V% RS ™SS WRETPRENSHT tatriterctatt 1@epr evi ous

Poi Nt | L3R tHalde ea¥peedsSsantdrashalabe Sar waxagphfsmi firsd e &hlys the US may
find the difference_between a val ue representi ng t he anobunt of data
h

current I§PESPROHE -t r AAsAPt BT FRICKHTF MRy PEPGESENEP HERP riltéor Géderiviseep

609 and wRAtRekkendyf hescsse 4o de ttheeshold 16 value. If the
di fference equals or exceeds the threshold, then the process may proceed to

step 604, otherwise hbe PI98ess dmbrpcasesdthatshep &&Zixr I n step 662, the
UE determ nes whether the amount of time 5 that has el apsed since the |ast

SR was transmrirbedcexeeedsia dHireshalsd. ektos0catde IOGESS(dTRYHRI efeadpt O
604,. at herw se the proceed to step 618. W wi ||l now

ste [0OCess nm

di 52855 "grsrl&te(?§§8§stﬁ%t£$m§e 'o%'cuﬁ').{‘e eNodes deterhgrthdfsdhe signahi s first

error caseyueeict Bet (8)séheceNodeB 10sHestnber preis) athdRi(8 Got LReneNgdeB

detects that the si ?nal ‘
resource or (b} the resource assignment mesgage cannot be decoded
by the UE. To handle this situation, the UE is configured to
transmit an SR in all SR occasions until a UL grant is obtained

15 (i.e., until the UE is given the opportunity to transmit data

and/or a buffer status report).

Error Case 2: In the second error case, the eNodeB fails to
decode the message containing the buffer status report or the
initial data transmission. Waiting for the HARQ retransmission

20 could cause excessive delay. The scheduler repeats the UL grant:
(1) until a reliable report is obtained if buffer reports are
transmitted with each UL transmission; (2) if buffer reports are
triggering with similar criterions as for the SR (the UE will have
a buffer change compared with the latest acknowledged report and

25 continue to transmit reports until a reliable report is obtained) ;
or (3) if no buffer reports are triggered new data is transmitted

until the eNodeB is able to decode.

Error Case 3: In the third error case, the eNodeB detects the
message containing the buffer report or the initial data
30 transmission but the HARQ ACK is misinterpreted as a NACK by the
UE. In this situation, the UE performs a regular HARQ
retransmission, which fails as the eNodeB does not expect any

further transmission attempts. The UE stops after the maximum



request bit is set to a "0" instead of a "1") and wll not grant a resource
or (b) the resource assignnent nessage cannot be decoded by the UE. To
handl e this situation, the UE is configured to transmt an SR in al
SR occasions until a UL grant is obtained 15(i.e., until the UE is given
the opportunity to transmt data and/pr a buffer status report). Error Case
2: In the second error case, the eNodeB fails to decode the nessage

cont ai ni FYPRE Bhf FEANEHASIST 8HEFTPLF - tHE T CP8F a8fanePAnshi R GHEM

Wi ting tebchbe é—&é&%ameitﬂga&@quggtom 2050 W b LS LEXEESShYEs A8 Ay The
schedul er repeats the UL until a reliable report is obtained if

ant
buf f er r E46FE&eFe ﬂ?ﬁﬁhﬁgfﬁ arﬁftPP%ﬁ&ﬂPﬁj}q|9§ﬁ§n?ssFBﬁ eNogeR fwastict er

reports an@et (Qeed idiboMehgshAt! 8F ©fd H@IrRRS <83 ohOhalinga SRed t he UE wi | |
have a buffer change conpared with the | atest acknow edged report and 25

contigiue to trefsrding eRer ts Bntil7a reli ablie rapeEtohs1 0Bl &éNed)aqr@m (3)
if no buffer reports are triggered new data is transmtted until f%e eNodeB

is able P& BRRpdmPOonentsEpf f P E0G-2qGediagt fPr aRePPBPOHRRE dthdheNodeB

detects liheezﬁr@is&age pﬂé)@lh@hrﬂl mg the. buf frafe wePQEL Ohcihgei M tidlndata 30
transm ssi on but t IS nlslnterpreted as a NACK by the UE. In

this S|tﬁﬁf¥%ﬁ'”F%é%6EbH FFBFﬂ% Pradi & BARDSPeEFafshP s37 oNodfFiiclt fail s

as the ebodeldlass Nobaexpecttdfynd Widanskr anapbsst 08g abt £Amt Ssta-gi'x% UE
stops after the maxi mum 17 nunber of transm ssion attenpts_The DE does

not feed ¢l Per fFordhlanBERERSERRelf i iRy FEGERSLNIT SebREa s LBy fam

transm sgéodrdias uceeeded. aNV & dhkiier er shapdki H@Jtlﬁe%%s% defae eNodeB
woul d have issued another grant if the transm ssion had fail ed 5Ref erring

now to Fl&e7, safEware 0BunRY i haoiigeredi Agraprform, among other
steps, steps 616-622 of process 600) and for causing an SR to be

transmitted if it determines that an SR should be transmitted; a
15 transmitter for wirelessly transmitting data to an eNodeB; and

other elements.

Referring now to FIG. 8, FIG. 8 is functional block diagram
of uplink resource scheduler 202 according to an embodiment of the
invention. As shown in FIG. 8, scheduler 202 includes: a storage

20 unit 804 for storing buffer status reports 810; a data processor
806 for executing software 808. Software 808 is configured such
that, when executed by data processor 806, software 808 causes the
scheduler 202 to function as described above. That is, for
example, software 808 may cause the scheduler 202 to schedule

25 uplink resources based on a comparison of the buffer status of the
UE’s attempting to communicate with the eNodeB 240 and to respond
to each SR. Although not shown, data processor 806 is coupled to
a transmission means (e.g., transmit buffers and/or transmitters

or the like) that enables the scheduler to communicate with UEs.

30 Referring now to FIG. 9, FIG. 9 is a flow chart illustrating
a process 900 performed by a base station configured according to
an embodiment of the invention. As illustrated in FIG. 9, in step

902 the base station allocates an uplink resource to a first UE



of sonme conponents of a UE 700 according to an enbodi nent of the invention.
As shown in FIG 7, the UE may include: a transmt buffer 702 for buffering
data to be transmtted to an eNodeB; a storage unit 704 for storing the

| ast transmtted buffer status 10 report; a data processor 706 for
executing software 708 for determ ni ngg whet her an SR shoul d or should not
be transn‘itt?d é .e., software 708 may be confiqqured to perform anong

ot her stepdl’st b?r%ﬁ%-%‘??wgppgée§§ BHOYS™HY $@ SsuditigParesrErblipe:
transm t tied sickpi bodet eneri mase tdalt iam PBcehodkdaheskransmid toiord M (ur2)
transmtter for wrelessly transmtting data to an eNodeB; and ot her

el enent s While UERet 335G 2ig\d ttSeFP&llg}f FWuELS s iinStEBndP bl bRk BRIQYr am

of uplinktkesedr eeasthetidLthd0pacarr desguts: ab @Hodinmertpehsthes
i nvention. shown in_ Fl schedul er. 202 includes: a storage 20 unit

As < G_ 8, :
804 for SEGFHYNBUFPRroTst atllls SEERorPE . 84EE Rpmatakiole&§6R 1808 fopm UE2

execut i ngngekihveren 8a8.at3ef twakae888:b5i €PMEt AL dasuChnt Bab, cMhen; execut ed
by data processor 806, software 808 causes the scheduler 202 to function as

descri bed23bol8. ETHRR Gransfgtedahpl BRe Sof it @ Be8 - mayicdtige PHe skedul er

202 to sehedubeatiphi MonRseEr €88 Pasesi On o AP k5@l b the buifefcstatus
of the UE's attegg)ti ng to comuni cate with the eNodeB 240 and to respond to

each SR Al VEOUGHIHG "H&n EPEaf 85BFotEes dir 806 s 1ebaprasien- a In step
transgni sshon RaNSadL FatibhaRslliobifderemand1Qnkt aasuitiers @k the |ike)
that enabl es the schedul er to communicate with UEs. 30Referring nowto FIG
9, FIG ¥°PBOBSE |y Wtainipgsthati HEL ahaf oeeshe 00U imariftor Mg abyhanbese.
station eanfigured aceRr dale 50adllof Mol R Ol blegLBMENER O ok\SuEs |
illustrated in FIG 9, in step 902 the base station allocates an uplink
resour ceWBeral ity ubseggent URR) 1s t FReeiieeidivieingetEivingt Flam i toddtya t o
the base;stathiord FrehePE904nat berbas e IAIi¥y LeGeLYRS ;
second UJE éUEZ) M?hi le UEL is lJti lizing the uﬁl i%nk ?esourf:g@a%ﬁ éftlcegp?bt&

t he PaselBiAMHEFedcfcHEEs t ke stk nid .eddgr baseosUERitm rexpbomsddso 5
recei vi ngnd Ngy SRk 1R c3LeRe908, ukhe; Pase il k FEem Lee.

i nformati onhrg%l ated to thg pri[cj)ri t?/ of the da?g ?%E%%ggﬁ%aﬁﬁgs Wail t ur?éltto
be transPtted to the base station. In step 910, the base station conpares
the priority of UEl's data to the priority of UE2's data using the
respective pra®sr iddyanspeenaf i ebodinssitep ofp the2 invhet ber el stihtdtorthe

real | ocal @gediiQ UL Rkel 83OUT €5 ¢ Ao MEldlEGSRAN Lol t UEL
has hi gher priority da’?a t han UE‘f. [ E( stdeeiglaglgfg ?ﬁg%g%%g Vg{g;% iry’oér.li%rctet%gil ves a
subgéquerdsR s cdmthE2 tewnenal hs thief ubsdqirewst a8R apprewreiated @fdldty of

recei vi ng the oriiht ¥ hn{ o5oat frs E2 ; betorg.r iving any ot her
data priority 15(IQ| ﬁgorﬁati ong%r%‘%hu 21@1 H %tlggq&g%et'ﬁ%’ S‘glgielést ation
r eal | oc #egraasd ndplthak UE eBowe Xt ecares WER liom fespbhsestivedelimiyirgrudse

subsequents PR (in case ON/OFF keying is used).

While various embodiments/variations of the present invention
25 have been described above, it should be understood that they have
been presented by way of example only, and not limitation. Thus,
the breadth and scope of the present invention should not be
limited by any of the above-described exemplary embodiments.
Further, unless stated, none of the above embodiments are mutually
30  exclusive. Thus, the present invention may include any
combinations and/or integrations of the features of the various

embodiments.



One advant age of enbodi nents of the invention is that the scheduler in the
base station (eNodeB) is provided with selected 20 updates of the
termnal's buffer status and appropriate quality of service (QS) know edge
even with a single bit SR while decreasing the UE power consunption for
the scheduling request channel (in cage OV OFF keying is used). Wile

vari ous enbodi nents/variations of the present invention 25 have been

descri bed abo®@di§}onsddiyl d WBélente RIEEIeSt SeRey ihadeabren Frksent ed by

way  of eX@ﬂ@é@ré)&HdﬁirﬁQ@xe”@Ea%iH?é aldOholiiUss hheebreadt fb@fwcega%eg%éﬁfs the
ripe

present invention should not be Timted by any of the above-des

exenpl ar Y2BndoRE msedy EQrt RBR, SHfF &¥fs idilasédatiaone obceprdigive it is
embodi mepb st &S SREURINLY 30mEXSLAISE Wiy BaUsiaakbRe BERSeMedd hgh may

i ncl ude any conbi nations and/or integrations of the features of the various
enbodi nefifstted, and Al PrefBl P, tithiStePshaajyr Beessearvisaad bed above and:
illustrated in the drawi ngs are shown as a sequence of steps, this was done
solely for the sake of illustration. Accordingly, it is contenplated that
sone steps may be added, sone steps nay be 5 omitted, and the order of the
steps may be re-arranged. 20 What is clainmed is: 1. A nethod for
transmtting scheduling requests 306 froma nobile termnal 302 to a base
station 304, the nmethod conprising: 5(a) transmitting a first scheduling
request (SR) 306 fromthe nobile term nal 302 to the base station 304 in
response to first data becom ng avail able for transm ssion fromthe nobile
termnal 302 to the base station 304,



(b) after transmtting the first SR 306, receiving at the 10 nobile
termnal 302 a scheduling grant (SG 310 transmtted fromthe base station
304; (c) in response to recei vithg the SG 310, transnitting fromthe
nobile termnal 302 to the base station 304 transmt buffer status

i nf or mahizan 1314 sdneddl5(d) while at |east sone of the first data is waiting
to be transmtted to the base station 304 and after transmtting the buffer
status information 314, but prior to transmtting any subsequent SRs 306 to
t he base station 304, further performng the steps of: 20(dl) determ ning

whet her a sgheduly g treAUestr t-G0e(1id1a 1By h s Qs Wre ks @03 €623 bf 2
triggering event has occurred, then, in response to determning that the
tri ggemolg levértrmiaslocdur teda dase mdat iopporGunitthe nednsdi ceipyl aisecond
SR 306 to the base station 304. 25 2. The nethod according to claim1,
wher ei n t he (st ep ref scetterimoniand iwtset rerhealsichedute e steqU@ERt 306 ghesmnghe

event has.occurred c ri.ses nparing the tra ] t. buffer status

| nf or P POAC3 L% T rARen et &t 6 TthE 4545 & S Tbre b4 i 1 Hr 055 nf bF ¥at i on
concer gkRg bbeosti abus vefi 1khe o s Mra dififeyion Zrom the robihe t@EAOLa1
accordlng to any of the preceding clains, wherein the step of determning

whet hePOa &ehéagl Pager 8§aésent F0dderi ng event has occurred conpri ses
determ ni ng whether second data that is available for transm ssion fromthe
mobi | e t er mi(kal 25t802 trenishe thdsw $that iforr V0L MaX) @ higherviprd ort tyhe han
t first .dat wher ei he second .data hecane ai l.e for transmssion
t 0 helBhid s ParlaSoR 0z fer SRR AR G0a RS i Tt P8 28

the base station 304;

(c) in response to receiving the SG 310, transmitting from
the mobile terminal 302 to the base station 304 transmit buffer

status information 314; and

15 (d) while at least some of the first data is waiting to be
transmitted to the base station 304 and after transmitting the
buffer status information 314, but prior to transmitting any
subsequent SRs 306 to the base station 304, further performing the
steps of:

20 (dl) determining whether a scheduling request triggering

event has occurred; and

(d2) if a triggering event has occurred, then, in response to
determining that the triggering event has occurred, at a next

opportunity, transmitting a second SR 306 to the base station 304.
25

2. The method according to claim 1, wherein the step of
determining whether a scheduling request triggering event has
occurred comprises comparing the transmit buffer status
information 314 transmitted to the base station 304 with new

30 information concerning the status of the transmit buffer.



4. The nmethod according to any of the preceding clains, 10 wherein the step
of determ ning whether a scheduling request triggering event has occurred
conpri ses deternining whether the ampéht of time that has el apsed since the
first SR 306 was transmtted exceeds a threshold. 155. The nethod according
to any of the precedinrghclainnsocntiereity the sdeped et @sdaing ngl ahet her a
schedul i ng request triggering event has occurred conprises determning

whet hel"ERELAI f-her ERCE et FHEIAE réRt bt S Gtedat B9 nredeeahsm t

buf fer .and 2 RLEVIQUS.c AR ZR1Q: amRUNt,0f - data ddal -wasi i fhe fLansalt, 30
eI e T th p

buffer exceeds a threshold. 6. The nethod of claim1 in the step o
det er niipitag thhét her ayasdhedd ifng rteguesti dsiqgyueriany Bvemolhiabe oceunt edl

consi s of : a) determning et her second data that becane avajl| abl e
For tr A2 8sFoR b3 Ens TBhas Srlts Ot S36s TR 1 T oY "SR 308 tabi fot
transnygbhted hasraihi gher spido@id s ttthdedde fdvst1 datd, for traddhission to
determ ni ng whet her the anmount of time that has el apsed since the first SR
306 vva§hf5rgﬁ§ﬁi eted iexcedds a4 tetir édolfd:rsdndR 806 was tygy)smete’di ni ng
whet her the difference between the current anmount of data in a transmt
buffer and a previous, non-zero anmobunt of data that was in the transmt

buf fer exceeds a threshold. 57.The nethod of claim1l, wherein the step of
det er m ni ngé4whet fiee acsbledealcicog dieguest sy ggertiing revergd hras otxzims ed

C%Q§Isaﬁeggin the step of determining whether a scheduling request
triggering event has occurred comprises determining whether the
amount of time that has elapsed since the first SR 306 was

transmitted exceeds a threshold.

15 5. The method according to any of the preceding claims,
wherein the step of determining whether a scheduling request
triggering event has occurred comprises determining whether the
difference between the current amount of data in a transmit buffer
and a previous, non-zero amount of data that was in the transmit

20 buffer exceeds a threshold.

6. The method of claim 1, wherein the step of determining
whether a scheduling request triggering event has occurred

consists of:

25 (a) determining whether second data that became available for
transmission to the base station 304 after the first SR 306 was

transmitted has a higher priority than the first data;

(b) determining whether the amount of time that has elapsed

since the first SR 306 was transmitted exceeds a threshold; and



(a) determ ning whether second data that becane available for

transm ssion to the base station 304 after the first SR 306 was 10
transnitted has a higher priority thaf“the first data; and (b)
determ ni ng whet her the anount of tine that has el apsed since the first SR
306 was transn tkeedrexcaeds vinddireashold.difference beBredhermet B@drent
according to any of the preceding clains, 15 wherein the SR 306 is a one
bit mes¥ayet of dataginThe Srer gl ta A M FD RREOFLANe preedfhg cl ai s,

wher ei Bbigct Breshelds are \eanfi gured tPaﬁQﬁlg‘)Qbk?eEeE@c@%Bs?’gz B dfif1q.
base station 304 through radio resource control (RRC) 20signaling.

10. The nmethod according to any of the preceding clains, further conprising
transmtting an SR 306 at a next avail abl e opportunity every tine t hat data
arrdves to an e 25 ;huf f the Ie ternl 02.. .
11£§The netﬁod g@%%thng to anClaﬁﬂ¥hé préeealhgq% 3 e ? ? ?r%%ﬂb?gsing
r ecei vivhgtatrt he sabbidue iter meragaxles&oarad@ﬁ@n@dexzémsfmg tescfir ot he base
station 304 after transmtting fromthe 30 nobile termnal 302 to the base
stati oR°864StReCfransnit buffer 23 status information 314 and storing the
ACK in the nDblle term nal 302. 12. A nobile term nal 302,

conpri si ng: (8a EPARSHILNIDGF WEETtIGZ s@epnd data gl @?ﬁ@jﬁ%s@‘e@l]?%le for

mherelgrgggmgg%gggrgge%%%rbgg@lg% GaOnfJ o %f%fﬁér the flf{9(§§f§§%

nobi |l e term na 2 To transmt a first I'ng reques
bagse stathemi804di hasesparig@etropriority than the first data; and

(b) determining whether the amount of time that has elapsed

since the first SR 306 was transmitted exceeds a threshold.

8. The method according to any of the preceding claims,

15 wherein the SR 306 1s a one bit message.

9. The method according to any of the preceding claims,
wherein the thresholds are configured in the mobile terminal 302
by the base station 304 through radio resource control (RRC)

20 signaling.

10. The method according to any of the preceding claims,
further comprising transmitting an SR 306 at a next available
opportunity every time that data arrives to an empty transmit

25 buffer in the mobile terminal 302.

11. The method according to any of the preceding claims,
further comprising receiving at the mobile terminal 302 a HARQ ACK
transmitted from the base station 304 after transmitting from the

30 mobile terminal 302 to the base station 304 the transmit buffer



10 data arriving at an enpty transmt buffer in the nobile term nal 302;

(b) cause the nobile termnal 302 to transmt to the base station 304
transmt buffer status information 3143in response to receiving a
scheduling grant (SG 310 fromthe base station 304; 15 and (c)

per f or mtstteps iEhrraa)orwWiil e atd | eastispnenofatcheifii tisé dabalestwainihag to
be tra%%%}tted to the base station 304 and after transmtting the buffer
stat us “i'rnfrormation 314, but prior to transmtting any subsequent SRs 306 to
the base station 304: (cl) 20 determ ne whet her a scheduling request
triggering event has occurred; and (c2) cause the nobile term nal 302
transmt a second SR 306 to the base station 304 at a next opportunity in
response t o ldet enimelig & Haarminal gyfeti meerevehtimas occurred. 2513, The
nobil e term nal 302 according to claim 12, wherein the data processor 706

i s Tonfigur ed trendetigr riufd ashettier andchedul i ng request triggering event
has occurred by conparing the transmt buffer status information 314
transm tt edat oatthe thase sstcat 1706 ,30hantd in nave i dd o |t o oxs conced ai hg t he
status of the 30transmt buffer. 24 14. The nobile term nal 302
accor di*N§t8Uam' & of clainms 12 - 13 wherein the data processor 706 is
configured to determ ne whether a schedulﬁgg%request triggering event has

occurred by (dét EAMSHI g SwistHer® secotd dat 4 Het berasrel avai fabfe for 5
transmsssian kot he Rase St om 304, giatkgisé h@cit‘.f% 33%129@@ . pbhagsmtted

has a higher priority than the first e term nal
3020 acdertdi agrtigiagy acnerofergltai e aksnlid, whiefesi nin hehalat@bprecessoingd
configgr?d to determine 10 whet her a scheduling request triggering event
has oc 8 red by determ ning whet her the anmount of tinme that has el apsed

since the first SR 306 was transmtted exceeds a threshol d. 16. The
mobi | e t er mi‘Ral c888€atdsr &iqs?gﬂt@o CEWRideL of0¢I %) ngransmit to the base

station 304 transmit buffer status information 314 in response to
receiving a scheduling grant (SG) 310 from the base station 304;

15 and

(c) perform steps (cl)-{(c2) while at least some of the first
data is waiting to be transmitted to the base station 304 and
after transmitting the buffer status information 314, but prior to
transmitting any subsequent SRs 306 to the base station 304: (cl)

20 determine whether a scheduling request triggering event has
occurred; and (c2) cause the mobile terminal 302 transmit a second
SR 306 to the base station 304 at a next opportunity in response

to determining that a triggering event has occurred.

25 13. The mobile terminal 302 according to claim 12, wherein
the data processor 706 is configured to determine whether a
scheduling request triggering event has occurred by comparing the
transmit buffer status information 314 transmitted to the base
station 304 with new information concerning the status of the

30 transmit buffer.



15 12-15, wherein the data processor 706 is configured to determ ne whet her
a scheduling request triggering event has occurred by determ ni ng whet her
the difference between the current andfint of data in a transnit buffer 702
and a previous, non-zero anount of data that was in the transmt buffer 702
exceeds a threshdhe m2®ile ternlihalThE nobiderdetd nal adP2oaecordingihie any
one of %Iai 1%716h wherein the nmessage indicating that a triggering event
has not oEcg§r¥ SEEE e BIAt B AFS S V51800 The Fobf 18U T et nfpaflegppnine
accor di,ng tH,@ rany sene o@f 16l QIR % - WhaL el thee §R 306 bsc@- P08 Bt
message. 19. A nobile termnal 302, conprising: (a) means for transmtting
a firstdesehaduliingg whedhest SESRNBOIB06 theta esanstand bheldDd forresponse to
an enp ransm.t _buffer in _the ilet inal 302 receiving d ; 25
(b)§ moeteheRi S hion bﬁ%%%@ $eed uSIrE%ECgl Gt aﬁin(aﬁtﬁr S E S TR S waE i he
base statnemil3®4d has a highdreans darcy ransimdid ngi o tdecbase station 304
transmt buffer status information 314 in response to receiving the Sc-

310; 5(d) triggering event detection nmeans 706 for determ ning whether a
schedul i ng request triggering event has occurred, wherein the triggering
event detechison mBaNgor6d $e5aNHQUIRD Q- REFd AN dde, detsrm patlon; whil e
at |least sone of the data is waiting to be transmitted to the base station
304; and-1@¢eyhpwans foe dedrsmprddeasg o thedaSastat itom Gddermina next

10 whether a scheduling request triggering event has occurred by
determining whether the amount of time that has elapsed since the

first SR 306 was transmitted exceeds a threshold.

16. The mobile terminal 302 according to any one of claims

15 12-15, wherein the data processor 706 is configured to determine
whether a scheduling request triggering event has occurred by

determining whether the difference between the current amount of

data in a transmit buffer 702 and a previous, non-zero amount of

data that was in the transmit buffer 702 exceeds a threshold.

20
17. The mobile terminal 302 according to any one of claims
12-16, wherein the message indicating that a triggering event has
not occurred is a one bit message.
25 18. The mobile terminal 302 according to any one of claims

12-17, wherein the SR 306 is a one bit message.

19. A mobile terminal 302, comprising:

(a) means for transmitting a first scheduling request (SR)
30 306 to a base station 304 in response to an empty transmit buffer

in the mobile terminal 302 receiving data;



opportunity, a second SR 306 in response to determ ning that a scheduling
request triggering event has occurred, 20. The nobile term nal 302
according to claim19, wherein 15 tri%éeri ng event detections neans 706
conprises neans for conparing 708 the transmt buffer status information
314 transm t{red nte@rishef dhase cstiatiiran B804 ddnl ey drd:or matGpn3concerni ng t he
status of the transmt buyffer. 2021. The bile term nal 302 according

cl ai mtfﬁ-nf&ltﬁ?g]é{}]ﬁmt & Aaggers Tig Event Yet ecti ons neans 706 conpri ses
means 708 for determ ning whether second data that is available for
transm ssi or Fr 8 e Hbitr@ S R I 302 e thsdasersiati N4 3bsanasih

hi gher ppreigQri Ts\&att*{h%n,i%*}%xfniarﬁtorﬂ?% Whereln, the §<§C€é‘9e£’ﬁﬁg b@}?é‘”@ggﬁ%%

avail able for transm ssion to t ase statlon 304 after e first
was: t ransm tted... 2 ile termnal 3 [ i n o,clains 19-21,
wheT ei n t he ({dre?i {:;tgrg‘ igﬁgqﬁlyené? Gt é‘g‘e‘telgodrjlczlor?egﬁes (e?régéorr%?%E s%%t‘?r%%h%l%% 708
for deweeniheirng whétdder itlhe rempuridt afr igger trhatehast ehapsedesineg, t he first
SR 306 s transnmtted exceeds a threshold. 26 23. The nobile

t er m n41e362allsr dirg I8 1Q%ISHEMO-BE e Gingr it ahe {19 gherFoRyt e¥eRed to

det ect pbeR$ FRARS <7 QR teIMM38SIRANS o/ Q8 f1o1; detarid nb Ao mbesher 1he
di fference between the current 5 amount of data in a transmt buffer and a

previ ogltaog- zer bearmamsreft teat & Hate wesSd rettadiel e ahddi tabdif f er exceeds a
t hr eshol d. 24. A nethod performed by a base station 304 for granting
upl@ nk resour¢esenosntidl ¢ reemsminaling@0?; tthee betdodc compr i 30H01g:at a next

opportunity, a second SR 306 in response to determining that a

scheduling request triggering event has occurred.

20. The mobile terminal 302 according to claim 19, wherein
15 triggering event detections means 706 comprises means for
comparing 708 the transmit buffer status information 314
transmitted to the base station 304 with new information

concerning the status of the transmit buffer.

20 21. The mobile terminal 302 according claims 19-20, wherein
the triggering event detections means 706 comprises means 708 for
determining whether second data that is available for transmission
from the mobile terminal 302 to the base station 304 has a higher
priority than the first data, wherein the second data became

25 available for transmission to the base station 304 after the first

SR 306 was transmitted.

22. The mobile terminal 302 according to claims 19-21,
wherein the triggering event detections means 706 comprises means
30 708 for determining whether the amount of time that has elapsed

since the first SR 306 was transmitted exceeds a threshold.



10al l ocating an uplink resource to a first nobile termnal 302, thereby
enabling the first nobile termnal 302 to transmt data to the base station
304; receiving an SR 306 froma secont®nobil e terninal 302 while the first
nobile termnal 302 is utilizing the uplink resource; 15reallocating the
uplink resource to the second nobile termnal 302 in response to receiving
the SR 306; receiving fromthe second nobile termnal 302 information

rel ated to the priheriopiok thendat=a 302 heseeond mbide statiomtpat is
waiting to be transmtted to the base station 304; 20conparing the priority
of the"PPESENmMEBEl & LR & Vdatta ded ate PYs disans of 0§ hecseebirels nbdane
term nahgs sdat [ rnespestl Qi3 d Y ti.an,

real | ocgt8i ng t%g%géﬁ?r?ﬁ égsotl?rt\é%rfght gﬁ%ﬂrsteq{ngl%ik%ée]{%eeernm %%? %%’Er?%t

r esponseotiotdetfedmitai ng ehatransenifti fstf frobidred teerpaenal 08302 25 -hasrdi gher

priority data than the second nobile term nal,K 302, receiving a
subseqﬂéﬂPngRo§0%aﬁﬁog¥i e "Set ol %%%i?%@?%@ﬁ?nngéﬁﬁ,e%ﬁ@?@?natﬁ%reShOld'
subsequent SR 306 is received after receiving the priority information from

the second nobile term nal 302 and before receiving any other data priority

information fromthe 30 second nobile term nal 302; and 27 .
real | ocat i n§4t hePuprithrdr 8sgkoc8edo he $aEend idhide I i eval 98Dt iR

[ eSpongg: § Ayt ecebyi-pgd st he gubsequent . SR.3Q06.302, the meth&® cdhiS-IBiNQd of

claim urther conprising: receiving a

10 allocating an uplink resource to a first mobile terminal 302,
thereby enabling the first mobile terminal 302 to transmit data to

the base station 304;

receiving an SR 306 from a second mobile terminal 302 while

the first mobile terminal 302 is utilizing the uplink resource;

15 reallocating the uplink resource to the second mobile

terminal 302 in response to receiving the SR 306;

receiving from the second mobile terminal 302 information
related to the priority of the data in the second mobile station

that is waiting to be transmitted to the base station 304;

20 comparing the priority of the first mobile terminal’s data to
the priority of the second mobile terminal’s data using respective

priority information;

reallocating the uplink resource to the first mobile terminal
302 in response to determining that the first mobile terminal 302

25 has higher priority data than the second mobile terminal 302;

receiving a subsequent SR 306 from the second mobile terminal
302, wherein the subsequent SR 306 is received after receiving the
priority information from the second mobile terminal 302 and
before receiving any other data priority information from the

30 second mobile terminal 302; and



5 plurality of nmessages fromthe second nobile termnal 302 after
real l ocating the uplink resource to the first nobile termnal 302 in
response to determning that the first/nobile terminal 302 has higher
priority data than the second nobile term nal 302 and prior to receiving

t he subsequentz 1SRA306 g amd he isiegone: smbide terimaatedOnd02cpWher ei n each
of the plurality of nessages indicates that the second nobile term nal 302
has noted8tééted’s dEheFAANGT fueRCI IV igyeriig B¥epgguent SR 306. 26 A
comuni cati on system conprising a nobile termnal 302 15 according to any
one clains 12-23.

25. The method of claim 24, further comprising: receiving a
5 plurality of messages from the second mobile terminal 302 after
reallocating the uplink resource to the first mobile terminal 302
in response to determining that the first mobile terminal 302 has
higher priority data than the second mobile terminal 302 and prior
to receiving the subsequent SR 306 from the second mobile terminal
10 302, wherein each of the plurality of messages indicates that the
second mobile terminal 302 has not detected a scheduling request

triggering event.

26. A communication system comprising a mobile terminal 302

15 according to any one claims 12-23.



